BACKGROUND/OBJECTIVES: Although there are some studies on familial clustering of metabolic risk factors, there are few on clustering of diet and physical activity. The aim of this study was to identify the extent of familial clustering of weight status, diet and physical activity in urban and rural families in South India. SUBJECTS/METHODS: Anthropometric, dietary and physical activity data were obtained for 325 offspring aged 8-21 years and both their parents from urban and rural South India. However, 294 single offspring and their parents were used for analysis. Body mass index (BMI) was computed and individuals categorized as normal, underweight and overweight/obese. Diet was assessed using food frequency questionnaires and physical activity using physical activity questionnaires. RESULTS: Offspring BMI correlated significantly (Po0.001) with the BMIs of both parents (r ¼ 0.35, Po0.001). Percent protein, carbohydrate, total fat and saturated fat intakes were significantly correlated (Po0.001) between offspring and parents. Offspring physical activity level (PAL) correlated significantly with the mother (r ¼ 0.26, Po0.001), but not the father. A two-step cluster analysis revealed two distinct clusters: obesogenic and nonobesogenic. The obesogenic cluster, which consisted of 83% of families with at least one parent or offspring overweight, had significantly higher intakes of fat, saturated fat and higher sedentary activity levels but lower carbohydrate intakes and sleep duration (all Po0.001) among both offspring and parents. CONCLUSIONS: Diet, physical activity and BMI of children, adolescents and young adults in India is associated with parental behavior. Health promotion aimed at reducing obesity in these groups should address familial issues.
INTRODUCTION
Levels of overweight and obesity are increasing in both developed and developing countries. Although individual energy intake and expenditure are the direct determinants of weight gain, attitudes and behavior of other family members may influence individual practices. There are intrafamilial similarities in energy intake 1,2 and physical activity 3, 4 and these, together with other risk factors for chronic disease, are likely a mix of heredity and environment. 1 The results of a study by Pé russe et al. 1 indicate that the similarities in energy intake are more strongly associated with home environmental conditions rather than with genetic factors. Parents are likely to influence eating and activity behaviors of their offspring through control over the home environment, 5 and this may lead to obesity-related behaviors. 6 Childhood overweight and obesity, 7, 8 as well as dietary and physical activity habits, 9, 10 track into adulthood and may contribute to the subsequent development of cardiovascular disease, diabetes and cancer. [10] [11] [12] This emphasizes the need to intervene early in life to promote healthy dietary and physical activity behaviors. Although several studies have indicated that there is a familial clustering of metabolic risk factors such as overweight or obesity, 13, 14 insulin resistance 15, 16 and dyslipidemia, 17 there are very few studies on the familial clustering of lifestyle behaviors of both diet and physical activity. Some studies have evaluated the associations between a single parental body mass index (BMI) on dietary intake and/or physical activity of the child, 6, 14, 18 but there are fewer studies that include offspring and both biological parents. 3 The bulk of the data on familial clustering of weight status and health behaviors have been from developed countries, whereas data from developing countries that are currently in the middle of the nutrition transition are scarce. This study was undertaken to identify the extent to which familial clustering of weight status, dietary and physical activity patterns was evident in urban and rural families in South India. This is a valuable exercise to elucidate the components of diet and physical activity measures that need to be targeted to combat the increase in overweight and obesity in children in a developing country like India where nutrition transition is underway. 19 
MATERIALS AND METHODS

Sample and study design
The present study is a substudy of the PURE (Prospective Urban and Rural Epidemiology) study that aims to determine the role of novel and traditional risk factors for coronary heart disease in 35-70-year-old individuals in paired urban and rural cohorts. 20 Although paired ruralurban data were obtained for the PURE study from five sites in India, this substudy was conducted at the Bangalore site, which was the only site that 1 St John's Research Institute, St John's National Academy of Health Sciences, Bangalore, India and had completed adult recruitment for the PURE study at the time of initiation of this Offspring study. The Bangalore site had enrolled urban subjects for the PURE study from a large housing colony in Bangalore and rural subjects in a largely agricultural area B140 km from Bangalore in the neighboring state of Andhra Pradesh. To recruit offspring between 8 and 21 years, a total of 282 households (453 offspring) in Bangalore city and 261 households (500 offspring) in the rural agricultural area of Palmaner, Andhra Pradesh, were contacted ( Figure 1) . A risk ratio of 5 in overweight and obesity between urban and rural adults was observed in the PURE adult study. Based on the assumption of similar risk ratio in offspring, with a 1:2 allocation ratio between urban and rural areas (as the proportion of overweight/obese (OWOb) was lower in the rural site), the sample size required was 71 offspring from the urban and 142 offspring from the rural area. We oversampled in both sites to allow for the possibility of incomplete data and dropouts during the measurement process. In the present study, this sample size was sufficient to examine differences in physical activity level (PAL) and percent fat intake between overweight and normal offspring with 89% and 80% power, respectively. Data were collected from 325 (urban ¼ 104, rural ¼ 221) offspring (aged 8-21 years) from families where both parents had participated in the PURE study (response rate for offspring 34%). For this analysis, for families with more than one offspring, a single offspring (n ¼ 294, urban ¼ 94, rural ¼ 200) and both their parents have been examined. The chosen offspring in households with multiple offspring was the last listed offspring from a random list of household members. Offspring who participated were 2 years younger than nonrespondents, although the gender distribution was comparable.
The Institutional Ethical Review Board approved the study on both adults and offspring. Consent was obtained for all adult participants (X18 years) and written assent from adolescents and children, whose parents consented to their participation.
Offspring
For the offspring, an interviewer-administered questionnaire on lifestyle behaviors of physical activity and dietary intake was used. For children o10 years, information obtained was cross-checked with their mothers.
Dietary intake of offspring was assessed using a semiquantitative food frequency questionnaire (FFQ) specifically developed and validated for this age group. The FFQ, comprising 105 food items with specified portion sizes, captured diet intakes over the past 1 year. As part of this process, the FFQ was validated against three 24 h recalls (over one calendar year) in a separate sample of 98 urban and 109 rural children. The deattenuated Pearson's correlation for protein, fat and carbohydrate intakes between the mean of the repeated 24-h recalls and the FFQ were 0.59, 0.96 and 0.48 (all Po0.05). These correlations are comparable to values obtained from other studies. 21, 22 The comprehensive food list for the FFQ was obtained through administration of 100 24-h recalls and accounted for 90% of the energy intake of the population in both urban and rural areas. Similar FFQs have been used and analyzed earlier. 23 Although the FFQ was common for both urban and rural offspring, the nutrient database had recipes specific to the urban and rural area from where the population was taken. Frequency of intake was multiplied by the portion size and the specific nutrient value of each food item and finally summed up to obtain the intake of a particular nutrient/food group per day. With the offspring study being a population study, and for ease of comparability of nutrient intake between parents (on whom a specifically developed FFQ was used) and offspring, the FFQ was used to assess nutrient intake. The physical activity questionnaire (PAQ) developed for the study captured time spent in several domains of activity such as sleep, travel, active play at school and home, work and leisure time activities such as watching television, usage of computer/video games over the past 1 month. A similar construct has been used in other studies in Bangalore. 24, 25 The metabolic equivalent (MET; multiples of basal metabolic rate reflecting intensity of activity) was assigned for each activity. 26, 27 Activities below 1.5 METs were classified as sedentary activity. Duration in minutes of a specific activity was multiplied by the MET value to obtain a composite measure encompassing duration and intensity (MET-min). All physical activity variables were computed as duration and MET-min per day. The basal metabolic rate (BMR) was calculated using published equations 27, 28 for each individual and the energy expenditure for reported activities computed as the product of MET-min of the particular activity and the BMR per min. The energy expenditures of all reported activities were then summed up to obtain total daily energy expenditure. PAL (24 h energy expenditure/BMR) was calculated and cutoffs applied based on the recommendations for adults, 27 and categorized as sedentary (1.4-1.6), moderate (1.7-2.0) and vigorous (42.0).
Height (to the nearest 0.1 cm) using a fiber glass tape and weight (to the nearest 0.1 kg) were recorded using a digital weighing scale (Beurer PS 16, Ulm, Germany) using a standardized protocol following certification of field staff. BMI was computed and age-and gender-specific BMI-for-age zscores were obtained using the Anthroplus software (version 1. 
Parents
Height (to the nearest 0.1 cm) and weight (to the nearest 0.1 kg), were measured. Nutrient and food group data were obtained from a semiquantitative FFQ 30 and physical activity data from a PAQ. 24, 31 The FFQ comprised separate food lists for the urban and rural areas. The PAQ collected information on activities at the work place, housework, leisure Clustering of diet, physical activity and overweight S Swaminathan et al time and hobbies. A similar process of computation, as done for the offspring, was used to obtain the nutrient and food group data from the FFQ and the duration, MET-min and PAL from the PAQ. BMI was computed for the parents and categorized as normal (18.5-25 
Statistical analysis
Exploratory analyses were done to identify the relationship between parental and offspring BMI categories using w 2 test. The percentage contribution to energy of carbohydrate, fat and protein and saturated fat were computed for both parents and offspring. Logistic regression was then employed on the offspring data to identify offspring characteristics that were risk factors of being OWOb. The independent effect of parental OWOb status with that of the offspring was examined, controlling for all significant offspring characteristics such as offspring's PAL, macronutrient intake considered as percentage of energy intake and residence (urban/ rural) in hierarchical logistic regression where the offspring characteristics were entered as the first step in the regression model and the parental OWOb status as second.
The two-step cluster analysis method was employed to identify clusters of families (both parents and offspring) based on their dietary and physical activity parameters. The two-step cluster analysis uses the two-step approach where the first step in the algorithm produces pre-clusters in which the families are sequentially clustered by constructing a cluster feature tree. The second step takes the pre-clusters from the previous step, and groups them into the final number of clusters using the hierarchical clustering method where the pre-clusters are recursively merged. Both continuous and categorical variables can be handled in this procedure, and the distance measure between two clusters is the reduction of log likelihood by combining them into one cluster. The algorithm identified the best number based on Bayesian Information Criteria, which is an indicator of best model fit. 32 This method of cluster analysis was chosen as it permits both continuous and categorical variables, and in the current study categories of PAL were considered whereas continuous data on percentage contribution of macronutrients to energy and duration of sleep were used. The intent of this analysis was to identify possible processes based on similarity in diet and physical activity, by which parents and offspring in particular families were at heightened risk for development of overweight. The clusters formed were checked for differences in distribution of overweight/obesity, dietary intake and physical activity. The internal consistency of the clusters was examined using Spearman's rank correlation or Pearson's w 2 test for dietary and physical activity parameters. All analyses were performed using SPSS Version 17.0 (SPSS Inc., Chicago, IL, USA) Statistical significance was considered at Po0.05 level.
RESULTS
The mean age of offspring recruited into the study was 14.6 ± 2.9 years, whereas maternal age was 37.0±3.6 years and paternal age was 44.0±5.6 years. Table 1 describes the characteristics of the offspring and their parents included in the study. Overweight/ obesity was approximately fourfold higher in children from the urban area than the rural site.
Association between offspring and parental weight status The BMI status of both parents was significantly associated with that of the offspring: 47% of overweight offspring had overweight mothers whereas 66% had overweight fathers (Table 2) . Offspring BMI was significantly correlated with that of both parents (father and mother, both r ¼ 0.35, Po0.001), and the BMIs of parents were also correlated significantly with each other (r ¼ 0.56, Po0.001).
The father's OWOb status was a significant determinant of offspring OWOb status in a hierarchical logistic regression (odds ratio ¼ 6.5, confidence interval: 1.8-22.7), whereas mother's OWOb status was not significant, even after adjusting for various offspring factors including PAL, residence and intake of macronutrients. There was no significant difference in PAL and dietary parameters by sex of offspring. Therefore, gender was not considered in the analysis. Offspring PAL was associated with offspring OWOb status (odds ratio ¼ 0.008, confidence interval: 0.001-0.44). Although the confidence intervals were wide in this logistic regression model because of the small proportion of OWOb offspring, the Hosmer and Lemeshow test indicated that this model had a good fit with the observed data.
Between parent and parent-offspring association in dietary intake and physical activity Dietary intakes (percent protein, carbohydrate, fat and saturated fat) and PALs were highly correlated between parents (Po0.001), with the strength of the correlations ranging from 0.35 for PAL to 0.78 for percent fat (Table 3) .
There was significant correlation for percent protein, carbohydrate, total fat and saturated fat intakes between parents and offspring (Table 3 ) (r ranging from 0.14 for protein to 0.72 for total fat). Correlations in the dietary intake between offspring and parents were similar to that between parents. The dietary associations in nutrients were reflected in correlations of the food groups. 'Fats and oils' intake of the offspring correlated significantly with parental intake (correlation with mother r ¼ 0.21, father r ¼ 0.25; both Po0.001). Correlation of offspring 'sugar and sweets' intake was r ¼ 0.29 and r ¼ 0.20 with that of the mother and father, respectively (both Po0.001). Correlation of Values reported as number (percentages within urban/rural).
Clustering of diet, physical activity and overweight S Swaminathan et al other macronutrients and food group intakes between offspring and the parents were not significant. There was a weak positive correlation between offspring and parental sleep duration (both ro0.20, Po0.050) and a stronger correlation in the same parameter between parents (r ¼ 0.49, Po0.001). Offspring PAL was significantly correlated with the mother's PAL (r ¼ 0.26, Po0.001) but not with that of the father. There was a significant association between the physical activity category of the offspring and the mother; 51% of the offspring with sedentary activity had mothers who were also sedentary (Po0.001).
Patterns of dietary intake and physical activity between offspring and parents and their relationship to weight status As the association between the parental and offspring dietary and physical activity characteristics was not different between the urban and rural families, data were pooled for analyses. In the subsequent analyses, parents and offspring were not included if they had missing values for any one of the parameters considered.
The two-step cluster analysis using the dietary parameters (percent protein, fat, saturated fat and carbohydrate) and physical activity parameters (sleep duration and PAL category) of the offspring and each of the parents resulted in the formation of two distinct clusters: cluster 1 with 118 families (58%) and cluster 2 with 87 families (42%). The Silhouette measure of cohesion and separation was above 0.5, indicating good cluster quality. The BMI values of father, mother and offspring were available for 105 and 83 families in clusters 1 and 2, respectively. Cluster 1 included only 12 families (B11%) with at least 1 OWOb individual, whereas cluster 2 included 61 families (73%) with at least one OWOb individual. Cluster 1 was, therefore, termed the nonobesogenic cluster, whereas cluster 2 was termed the obesogenic cluster ( Figure 2 ). Each shaded circle in this figure represents the proportionate number of families with one or more overweight individuals. The overlap between circles represents the presence of more than one individual in families. The obesogenic cluster included the majority of all families with at least one OWOb parent and/or offspring in the entire sample (61/73, 83%). Overall, 92% of OWOb mothers, 82% of OWOb fathers and 87% of OWOb children were in the obesogenic cluster. The obesogenic cluster included all the families where both the parents and offspring were OWOb (n ¼ 6), 93% with both parents OWOb and all families with one parent and offspring OWOb (n ¼ 6). The BMI of the mothers and fathers who were not overweight/obese in the obesogenic cluster was significantly higher than all their counterparts in the nonobesogenic cluster (21±4 vs 19±3 kg/m 2 for mothers and 22±2 vs 19±3 kg/m 2 for fathers; both Po0.001) but not significantly so for offspring (mean difference of 0.5 kg/m 2 ), indicating that, on an average, even those individuals who were not OWOb but who belonged to the obesogenic cluster had a higher BMI as compared with their counterparts in the nonobesogenic cluster. Figure 3 shows the characteristics used for the formation of the two clusters. The distribution of the parameters within each cluster is plotted. This figure demonstrates the difference in the distribution of the parameters between the clusters. The parameters are presented in decreasing order of their contribution to the formation of the clusters. The distributions of total fat, saturated fat and protein intakes were skewed toward higher values (shifted to the right, represented in darker shade) in the obesogenic cluster in comparison with the distribution of the entire sample (represented in lighter shade in Figure 3 ). Corresponding intakes in the nonobesogenic cluster were lower (shifted Clustering of diet, physical activity and overweight S Swaminathan et al to the left). These observations were true for both parents and offspring. In contrast, the carbohydrate intake was lower in the obesogenic cluster. A greater proportion of parents and offspring with sedentary activity were in the obesogenic cluster. Sleep duration was lower (shifted to the left) for both parents and offspring in the obesogenic cluster. Percent carbohydrate, fat and saturated fat intakes for both parents and offspring were significantly different (Po0.001) between the two clusters using a t-test, whereas percent protein intake was significantly different (Po0.001) only for parents and not for offspring (P ¼ 0.096; Table 4 ).
DISCUSSION
This analysis demonstrates that similarities in diet and physical activity environment between parents and offspring can lead to presence of OWOb among these individuals in a family. Although our results indicate that higher PALs in the offspring lower the risk of overweight and obesity, through cluster analysis we have also demonstrated that these individual effects are also mediated by the home environment.
The family environment has been shown to have a major effect on the development of overweight and obesity in the offspring. 3, 14, 18 Although both genetic and environmental factors could influence this association, the fact that significant correlations exist for dietary intake and physical activity between spouses as well as weight status suggests that the environment has a major influence on lifestyle behaviors in our study group. Pérusse et al., 1 using pathways analysis, showed that the total transmissible variance between family members ranged from 28% for carbohydrate intake to 45% for total daily energy intake. More than 50% of the variation observed in the energy intake component was explained by environmental factors. A similar analysis for physical activity indicated that although the propensity to be spontaneously active may be influenced by genetics, environmental factors accounted for 71-88% of the phenotypic variance. 4 That parental BMI or obesity influences offspring BMI has been shown in several cross-sectional and longitudinal studies, 3, 14, 18, 33, 34 and is demonstrated in our study as well. Apart from a genetic influence that was not addressed in this study, this could also be because of the strong parental influence on the offspring's environment, taste preferences and food choices. 
Families in Obesogenic cluster(n=83)
Mother (n=48) Father (n=37) Offspring ( A few studies have shown that there is a familial aggregation of dietary intakes and physical activity between parents and their offspring. 1, 4, 6, 14, [36] [37] [38] The Framingham Children's Study, 37 showed a significant modest correlation of ro0.50 between parental and offspring dietary intake for most nutrients. Moore et al. 36 reported that the odds of children being more active increased 5.8 times when both parents were active rather than inactive.
Through cluster analysis, we have been able to show, for the first time in India, that an increase in the dietary intake, specifically of fat, and the lower PALs of parents and children in the family can lead to an obesity-promoting environment in the family. The fact that a shift from a diet from B10% fat to 30% fat is likely to lead to overweight and obesity in families needs to be explored further as these fat intakes are modest compared with western diets. 39 An impaired ability to rapidly adjust fat oxidation in response to an increasing dietary fat content thereby resulting in weight gain would be interesting to evaluate. 40 In addition, the protective effect of physical activity in preventing overweight/obesity reinforces the need for effective promotion of physical activity not only among adults but also in children.
In families where offspring and both parents were underweight, the PAL and carbohydrate intakes were significantly higher whereas fat intakes were significantly lower compared with families with one normal-weight offspring or parent. Despite this, the observed differences were of a much lower magnitude compared with the magnitude of difference observed between families where offspring and both parents were overweight versus families with at least one normal-weight offspring or parent (mean difference of over B9.0 versus 3.0). This justifies the formation of the two clusters with one distinct overweight cluster.
Strengths and limitations of the study Although earlier studies have examined clustering among parents and offspring, these have typically involved a single parent and have focused on anthropometry and, sometimes, diet and/or physical activity. This study is unique in that it assesses detailed dietary and physical activity patterns and anthropometry of both parents and their offspring in a country rapidly undergoing a nutrition transition. There was a relatively low percentage of OWOb offspring in this study; this methodology if extended to other regions in India and in larger samples would allow for the assessment of generalizability of the findings. This is important given the large cultural diversity in India.
CONCLUSION
In summary, we have demonstrated that the dietary and physical activity behavior of children, adolescents and young adults in India is most likely influenced by the lifestyle of the family. The fact that the nutrition transition is underway in India, 19 and that the reported prevalence of childhood OWOb in some socioeconomic groups in India is similar to that of the west, 41 makes these findings particularly relevant. These data emphasize that health promotion campaigns should target not only the individual but also the family. This has a particular relevance in India where there are relatively few published interventions that have targeted childhood obesity and where school-based interventions have often been the preferred choice. 42 Interventions that assume that childhood and adolescent behaviors are relatively autonomous and which do not take the home environment into account may be less successful.
CONFLICT OF INTEREST
The authors declare no conflict of interest. Clustering of diet, physical activity and overweight S Swaminathan et al
